In order to perform a building energy analysis (BEA), BEA engineers collect and input various required data into energy analysis software programs. This step-by-step data input procedure is somewhat tedious because it can be done only sequentially through the data input user interfaces provided by energy analysis software programs. This paper introduces a method that enables the collection of concurrent data in parallel for BEA. To that end, we first categorized the required information into three types: general, architectural, and mechanical. Then, we developed the concurrent data collection process through analyzing the sources of these three types of information. The key technology of the concurrent data collection process is project temporary database (DB). This method will enable architects and engineers involved in a building project to input their data separately but concurrently. Consequently, this method will contribute toward increasing the efficiency of the data input process, and responsible parties will potentially be cleared on the process of building energy analysis.
INTRODUCTION
Saving energy is necessary in the building sector, which is responsible for approximately 25% of total energy consumption. Due to the expectations of the Kyoto Protocol (2005) , societies around the world are under pressure to reduce their greenhouse emissions by 2013. Thus, studies are needed on energy reduction factors that can reduce building energy consumption. One promising area of study is energy performance analysis in building design, which provides up-to-date unbiased analyses of a building's energy consumption. Building energy consumption considerations include new material development, construction process improvements, construction detail development, and simulation of building energy performance in the early design stages [1] . A remarkable new technology is Building Energy Analysis (BEA), a technique for estimating energy use and the operating costs of a building [2] .
BEA requires many types of input information, such as building elements, zones, materials, windows, doors, weather, HVAC definitions, schedules, and so on. Thus, the input of required information is a basic initial step for BEA. With the increasing application of Building Information Modeling (BIM) in the construction industry, the efficiency of BEA has increased dramatically through the use of a computer system to input the required information, such as eQUEST, Energyplus and GreenBuildingStudio. Currently, however, when a BEA engineer inputs the required information into the computerized system, it is a linear process of consecutive steps in a series. Thus, there are several potential problems: 1) when required information is inputted, if some information is missing, then progression to the next step is halted; 2) when BEA is initiated, all required information has to be collected from every part of a building description; 3) if some required information is missing, the responsibility for that is unclear; and 4) when a BEA engineer inputs data, the engineer may mistakenly input wrong values, especially as this input is manual and the task of sequential data input is tedious.
This paper proposes a method that can be applied to these problems and enables the concurrent and parallel collection of building data. To that end, the required information is defined and categorized for BEA by type, and the required information can be collected concurrently by project temporary DB. The concurrent data collection process is further divided into four parts: a) architectural data input; b) general data input; c) engineering data input; and d) data processing to input appropriate BEA building data. The key material of the concurrent data collection method is the project temporary DB for BEA data processing. Therefore, this paper introduces an Entity Relationship Diagram (ERD) of the project temporary DB for utilization during the process of concurrent data collection.
The scope of this paper is limited to proposing the concurrent data input process and also developing the ERD of a project temporary DB. BEA is considered as being within the conception design phase, and therefore specific mechanical data is not included. This paper uses Information Delivery Manual (IDM) for BIM based on BEA [3] to define the required information for BEA. In addition, the ERD is developed with a data model utilizing Access from Microsoft Office 2010 to define the relationship among required information.
REVIEW OF DATA COLLECTION METHOD FOR BEA

Current Practice Of Data Input For BEA
Many tools have been developed for BEA to measure building energy consumption; most include an engine for detailed energy simulations and require simple text-based input and return output files in the same text format including peak loads, monthly loads, and used energy cost. The output file, however, consists only of text in tables, the viewer, which contains the BEA tool, is needed to understand the BEA results.
The thermal properties of building elements (e.g., components, materials) are required for BEA [5] . Thus, the input of these data is a basic step for BEA. There are two approaches to entering building data for BEA. One approach involves the BEA engineer manually entering building data into the BEA tools. The other approach is to use a default library, which contains property values of standard building elements required for analyzing building energy consumption. In this approach, BEA engineers need to identify the type of subject elements used for a building, find the element property values that match the identified element from the library, and then select the element name to input the thermal properties; however, these approaches have potential problems, including the inefficiency of manual data input and the possibility of incorrect data input. In addition, before the BEA process is initiated, the values of all building data must be completely collected. At that time, since BIM is very often applied to construction projects, there are various stakeholders in the project [6] . It is often not clear when data is missing, as well as who created various data and when. This influences the overall efficiency of the project process. The current data input practices of some well-known BEA tools are summarized in Table 1 . manually input using the specific form eQUEST some manually input using given menu and the others systematically input using given data library EnergyPlus some manually input using given menu and the others systematically input using given data library Ecotect automatically input from BIM data in gbXML format and the others systematically input using given data library Green Building Studio automatically input from BIM data in gbXML format and the others systematically input using given data library
Literature Review
Many researchers have studied the input of information for BIM-based BEA. Oh et al. [7] proposed a method using a genetic algorithm and pareto optimality to determine the optimal design for various double glazing systems. They developed an application for data exchange from gbXML file format to IDF file format for the Energyplus program. Attia [8] surveyed selection criteria of building performance simulation tools between various stakeholders on a construction project. The final result of this research indicates a wide gap between architects' and engineers' priorities and ranking of tools. Sullivan and Keane [9] proposed a graphical user interface to input the information of an HVAC system into BIM-based building energy simulation using an IFC file. This shows a possibility of information exchange between the BIM model and BEA tools that use a user interface. Bazjanac [10] describes the methodology and interoperability of IFC-based BIM and BEA tools. In this methodology, geometry information and HVAC information is re-used in Energyplus for BEA; however, most studies have considered data exchange between 3D-CAD and BEA tools on the BIM-based BEA process. Currently, the data already exists on BIM-based standard file format, such as IFC file and gbXML file. Since the data is collected at once by the BEA engineer for BEA, a method of concurrent data collection is required to process the data for BIM-based BEA. To that end, this paper proposes the concurrent data input method for BEA using project temporary DB.
CONCURRENT DATA COLLECTION PROCESS FOR BEA
3.1 Required Information For BEA BEA is concerned with predicting the usage profile and cost of energy consumption within buildings [4] . Various types of information are required for that process, depending on the building. As shown in Table 2 , some information is required for BEA, such as project, site, site context, building, energy target, building stories, spaces, thermal comfort criteria, ventilation criteria, ventilation design, second-level space boundaries, building elements, material, energy analysis zone and HVAC system [3] . This required information can be categorized by type as general, architectural or mechanical. In addition, some information is primary and is required in the design phase (e.g., building elements and materials), whereas other information is secondary and is required for BEA (e.g., material properties and HVAC systems properties).
In order to input the required information into a BEA tool, a BEA engineer must collect all of it prior to running the BEA tool. If any information is missing or unidentified, the BEA process cannot run since the information input process is a linear series of prompts. In addition, a building consists of too many elements to input manually by one person alone. This can lead the BEA engineer to easily make a mistake due to the tedious nature of the task of inputting all the building elements one by one. For this reason, this paper proposes that a parallel concurrent data collection process will increase the efficiency of the BEA process.
Concurrent Data Collection Process
The required information can be grouped according to type of information. As mentioned above, there are three types of required information: 1) architectural, 2) general, and 3) mechanical. Initially, architectural information consists of building elements and materials. Building elements are included not only in building elements (e.g., wall, slab, roof, window, door), but also in its thermal properties (e.g., thermal resistance, solar heat gain coefficient). Materials include information about layers and layer sets, which are made up of a set of materials. This, then, also contains thermal properties, such as roughness, density, specific heat and so on. The second type is general information and describes the building. General information includes location, building type (e.g., office, residence) and building operation. The data for a building is related to other data; therefore, architectural, general and engineering data should be collected at the same time, at least in a concurrent process. To that end, the process of inputting building data should be done in parallel to ensure the collection of concurrent building data. The key material in a concurrent data collection process is a project temporary DB. The main function of the project temporary DB is to collect the concurrent data to write an INP file for the DOE-2 engine. Every inputted piece of building data needs to transfer its type and unit of data to BEA. Furthermore in this DB, the relationship of building data is defined by the ERD.
Figure 1. Concurrent data collection process
Architectural Part
Architectural information includes building elements (including the spaces) and materials. They are contained in the IFC file [10, 11] , which has been exported from a 3D CAD application, such as Revit or ArchiCAD. In the IFC file, there are specific entities used to express the building information through IFC schema 2x3. As information has been extracted from an IFC file, the building elements and materials are identified in terms of what elements and materials are used in the subject building. For materials, there may be thesaurus conflicts regarding material names (e.g., red brick can be called 'clay brick' or 'red br.') [12] . As such, it is necessary to identify a standard name for the materials used in order to properly add the material property data from the material library. In addition, building elements also need to match the element library in order to add the element property information (e.g., window, door, type of wall and slab).
General Part
General information relates to the project, site and building. These data consist of specific values by case. General information can be inputted in a formulaic Excel file, which contains location, building usage, occupant details, and so on. Since this Excel file can be easily transferred to a database, the BEA engineer can use this data with ease. Additionally, the BEA engineer does not need to manually input the general information into the BEA tool. When the location information has been transferred, the information is matched with the city library data to automatically add global geometry data. In addition, since the schedule of building operation depends on the type of building (e.g., office, hospital, residence), the type of building is matched to the operation schedule library to add the schedule data.
Mechanical Part
Mechanical information includes HVAC system, thermal and ventilation criteria, and other BEA information. Mechanical information for BEA requires various information from specialists, and the most important consideration is that mechanical information does and should change frequently as various alternatives are proposed to improve the energy consumption of the subject building. If mechanical information is manually inputted directly into a BEA tool, the BEA engineer has to go through the tedious task of re-inputting the same data again and again. To alleviate this need, mechanical information should be inputted into an Excel spreadsheet, where the data can be easily changed and past versions managed.
Data Processing
When concurrent data is inputted, this is entered into the project temporary DB to write an INP file for an input file to the DOE-2 engine. At that time, collection and writing processes are automatic, and it is not necessary to input additional data. This project temporary DB makes the BEA process more efficient by reducing the number of tedious tasks. Additionally, changes in information can be more easily applied to the BEA process through the various relationships amongst the temporary databases.
ERD OF A PROJECT TEMPORARY DATA
Inputted data is often different from the data required by typical BEA tools. For example, the material data extracted from an IFC file has to be expressed differently from the building description in the BEA tool. When material data is extracted, it consists of three entities -material-material, layer-material, and layer set -however, in BEA tools, the material data is made up of the layer that constitutes the construction. To achieve this, some algorithms are required for transferring the data to the BEA tool.
Figure 2. Relationship of Required Information
As shown in Figures 2 and 3 , the ERD of project temporary data for BEA has tables for each data category. In addition, the data tables are related to each other. This includes the algorithms in the relationships between the tables. Various data have relationships with other data to describe the required information for BEA. Using the ERD, the input file of BEA tools, such as an INP file or IDF file, can be automatically created as a building description for BEA.
Figure 3. ERD of project temporary DB
As mentioned above, the ERD of a project temporary DB has data relationships to write the INP file for the DOE-2 engine. Typically, after the initial results of BEA, various alternatives are proposed to reduce building energy consumption. As such, several data points have to be changed to accommodate stakeholders. To present these alternatives, a BEA engineer needs to enter the same building data (i.e., parts from the original plan) into the BEA tools. At that time, if the building data is already in the project temporary DB, then it is not necessary to input the same data again. In addition, since several pieces of data have a direct or indirect influence when writing the INP file, the efficiency of the BEA process is increased by using a project temporary DB.
CONCLUSION
The use of BIM-based information management has increased along with the construction industry's use of the IFC/IFCXML file format in projects. The BEA process, however, is currently inefficient due to the need to manually input building data into BEA tools. Additionally, when a BEA engineer inputs the building data into a BEA tool, it is difficult to collect every required piece of building data for BEA sequentially in a step-by-step manner. To solve these problems, this paper introduces a method that enables the collection of concurrent data in parallel for BEA. To that end, we first categorized the required information into three types: general, architectural, mechanical. Then, we developed a concurrent data collection process through analysis of the sources of these three types of information. The key technology of the concurrent data collection process is a project temporary DB. It collects information for BEA concurrently by each data entity. Since the required information has relationships with other pieces of information, the ERD of project temporary DB is structured systemically by relationships. This method will enable architects and engineers involved in a building project to input their respective information separately but concurrently. Consequently, this method will contribute toward increasing the efficiency of the data collection process. In addition, potentially responsible parties will be more clearly identified in the BEA process.
Future research will pursue further validation of the ERD of a project temporary DB and its applicability to the construction industry for BEA. In addition, a computerized system will be developed to apply the concurrent data collection method.
